The Atmospheric Boundary Layer (ABL) is a well studied subject in meteorology.
Atmospheric pollution tends to be confined within a surface layer, called the Atmospheric Boundary Layer (ABL) In this picture, can you see the skyscrapers of Los Angeles? (Photo © Tom Politeo) Diurnal cycle of the atmospheric boundary layer:
Key elements: -Sunlight passes mostly unabsorbed through the atmosphere and is absorbed by the ground. -The ground re-radiates this energy in the form of heat, thus heating the air from below. -This heating from below generates convection in the lower atmosphere during daylight hours.
-Over the hours of the day, the convective layer grows vertically (penetrative convection).
-After sunset, convection stops and the air cools, from surface upward. -Nighttime is characterized by stable stratification.
-Meteorologists refer to stable stratification as "inversion". But, we first need to define "Potential temperature".
Air compressibility g dz dp    Hydrostatic balance: Ideal-gas law:
Thus, pressure drops with height, and a higher air parcel is less compressed than a lower one. Compressibility comes into play.
We have three thermodynamic variables, pressure p, density  and temperature T.
So, to determine how pressure, density and temperature vary vertically in a restful atmosphere, we need three relations. We have two so far. The third comes from the 1 st law of thermodynamics, conservation of energy.
Elimination of pressure p and density  yields a single equation for temperature: Note on the thermal expansion coefficient  of air In the atmosphere, the air is never experiencing large swings of pressures and temperatures. Thus, one may approximate the equation of state with a Taylor expansion from a state of reference:
in which p' = p -p 0 and T' = T -T 0 are small departures from the reference values p 0 and T 0 .
The departure of density  from its reference value  0 is made of two terms, -the + p'/p 0 term, which represents the compressibility effect, and -the -T'/T 0 term, which represents the thermal expansion.
The equation can be equivalently written as:
in which  = 1/p 0 is the compressibility coefficient and  = 1/T 0 is the thermal expansion coefficient.
Thus, for air (like for any other ideal gas), the thermal expansion coefficient  is none other than the inverse of the absolute temperature, 1/T.
Atmospheric stability
The stratification frequency N is defined as:
The potential temperature  is defined as the fictitious temperature that an air parcel would have if it were brought adiabatically to a reference pressure (usually chosen as ground-level pressure).
The advantage of the potential temperature is that it eliminates the pressure effect (i.e., compressibility) when comparing different air parcels, exposing the thermal effect in isolation. 
The Convective Boundary layer (CBL)
The convective boundary layer, which occurs during day time under solar heating, is, by its convective nature, replete with thermals rising to convect heat upwards, interspersed with compensating downward motion (subsidence).
(Source: Arya, 1999) Since the temperature T (actually the potential temperature ) in the CBL is uniform under vigorous convective mixing, its gradual heating takes the same amount of heat at every level, and thus the upward heat flux q is gradually consumed over height and decreases linearly with height: Let us see the extend to which this vertical velocity scale is correct.
From the ground, thermals start with a low velocity, accelerate as they rise under the propulsion of buoyancy, then slow down as they dilute by entrainment.
They have a residual velocity by the time they have lost their buoyancy (z < h) which causes them to overshoot their equilibrium level, thus penetrating into the still stratified zone (up to z = h), eroding it one thermal at a time, and so collectively and gradually raising the CBL ceiling.
We note that the variance of the vertical velocity indeed scales according to the theoretical prediction.
A good fit to the data (solid curve) is:
Average value over the CBL is: . Data show that it makes no difference.
Turbulence is horizontally isotropic but vertically anisotropic:
Thermals start with a high temperature anomaly.
Thermals lose much of their temperature anomaly as they dilute on their way up.
Higher variance in temperature probably not related directly to thermals but to downwash from above caused by overshooting thermals.
(adapted from Garratt, 1992) (Source: Garratt, 1992) Vertical profiles of turbulent energy dissipation  (in J/kg.s = m 2 /s 3 ) in the atmospheric boundary layer, during daytime and nighttime. (Note the difference in scaling.)
We note that, to a good degree of approximation, energy dissipation during daytime is uniform in the vertical, as expected, and given by Comparison between daytime and nighttime boundary layer So, what is missing is a way of predicting the layer's height h in each case.
The height h of the layer remains to be determined.
Prediction of the height h of the convective boundary layer during daytime
The height of the daytime convective boundary layer reflects a balance between -the solar heat flux Q, which generates convection and tends to increase the thickness of the layer, and -the existing stratification   = gdT/dz above the convective layer, which restricts further growth.
A naïve approach consists in combining the preceding two variables into a length scale, namely but this leads to a height value that is unrealistically small. Since this naïve approach is not leading to a correct result, we need to widen the possibilities.
We need to realize that the height of the convective boundary layer is changing over time. It is therefore depending on time. This leads us to study penetrative convection.
Penetrative convection from below as simulated in the laboratory. 
 which we could have written right away by formulating the heat budget over a short interval of time.
The preceding relation provides one equation for the pair of unknowns T(t) and h(t) .
A second equation is needed to close the problem.
This second equation is to be provided by the mechanical energy budget.
+ -
Note that PE consists of a positive term and a negative term We then make the bold assumption -to be duly verified later -that the kinetic energy consumed by the rising thermals is negligible compared to the potential energy. In other words, we assume that the potential energy is not significantly consumed but merely re-arranged. This is possible because the raising of the center of gravity in the mixing process (elevation of heavier air and descend of lighter air) can be balanced by the dropping of the center of gravity by overall thermal expansion. 
This in turn provides the temperature jump T at the top of the convective layer: 

The time duration t of convection is on the order of hours while the oscillation period (2/N) attached to the stratification frequency N is on the order of seconds or minutes. Thus,
Prediction of the height h of the nocturnal stable layer during nighttime There are two processes governing the vertical extent of the nocturnal layer: -entrainment of some air from above by shear instabilities, and -detrainment of some of its upper region due to turbulence suppressed by excessive stratification.
The first process leads to growth (h ↑), while the other leads to shrinkage (h ↓).
Both processes depend closely on the Richardson number characterizing the balance inside the layer between stratification (that quenches turbulence) and wind shear (that feeds turbulence). 
The relevant Richardson number is

